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for jugular venous distension and enlarged thyroid gland. 
Cardiac examination showed tachycardia with normal 
heart sounds without murmurs or rubs. Lung examination 
revealed bilateral lower lobe rales. Examination of the 
extremities revealed bilateral edema. Initial laboratory 
results showed elevated brain natriuretic peptide of 
623  pg/ml, elevated T4  (4.49  ng/dl), and low thyroid 
stimulating hormone  (<0.01 uIU/ml). Complete blood 
count and chemistry tests were within normal limits. Twelve 
leads electrocardiogram showed only sinus tachycardia. 
Further workup revealed an elevated antithyroglobulin 
antibody  (290  IU/ml) and elevated thyroid stimulating 
immunoglobulin  (261%); thyroid ultrasound showed a 
heterogeneous enlarged thyroid gland with thick isthmus 
and increased vascularity which confirmed the diagnosis of 
Graves’ disease and the patient was started on methimazole 
and propranolol.

INTRODUCTION

Left ventricular noncompaction (LVNC) is a rare genetic 
cardiomyopathy.[1] Clinical manifestations are variable, 
and patients may present with heart failure symptoms, 
arrhythmias, and systemic thromboembolism. However, 
it can also be asymptomatic.[2] Various congenital heart 
disorders and neuromuscular disorders have been associated 
with LVNC.[3‑5]

CASE REPORT

A 26‑year‑old African American female with no significant 
medical history presented with shortness of breath, 
palpitation, and lower extremity swelling for 1  month. 
She also reported orthopnea, markedly diminished exercise 
capacity, and heat intolerance. The patient did not have any 
family history of cardiac or autoimmune diseases. Initial 
vital signs showed blood pressure of 120/90 mmHg, heart 
rate of 134 beats/min, respiratory rate of 20 breaths/min, 
temperature of 37.6°C, and oxygen saturation of 98% 
breathing ambient air. Physical examination was significant 
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African American community.[4] LVNC is characterized by 
modification of the LV wall into an outer compact layer and an 
inner noncompacted layer consisting of deep intratrabecular 
recesses and prominent trabeculations resulting in clinical 
manifestations of dilated cardiomyopathy.

Pathogenesis
The congenital theory of pathogenesis of LVNC postulates 
that LVNC results from arrest of the compaction process 
during the 2nd month of embryological development. The 
normal process of compaction of the loose meshwork of 
myocardium which occurs during the 5th and 8th week of 
gestation is arrested due to unknown mechanism at various 
stages, resulting in varying degree of noncompaction.[6] 
The other proposed mechanism for development of LVNC 
includes acquired microcirculatory dysfunction leading 
to microinfarcts and resultant hypertrabeculation.[7] In 
addition, patients with chronically elevated preload or 
afterloads such as valvular heart disease,[8] sickle cell disease,[9] 
chronic renal failure, and high‑performance athletes[4] have 
a high prevalence of trabeculations and may also fulfill 
criteria for LVNC.

LVNC may occur in isolation or may be associated with 
other cardiac abnormalities such as arrhythmogenic right 
ventricular dysplasia, hypertrophic, restrictive, or dilated 
cardiomyopathy, congenital heart disease, and complex 
syndromes affecting multiple organ systems.[10,11] LVNC has 
also been reported in association with Ebstein’s anomaly 
and bicuspid aortic valve. There are reports on association 
of LVNC with other noncardiac abnormalities including 
neurological, facial, and hematological. In addition, 
endocrine abnormalities including hypothyroidism and 
dermatological and skeletal anomalies have also been 
described in isolated case reports.[5,12]

In patients with hyperthyroidism, heart failure may occur in 
the absence of underlying heart disease. Most patients with 
hyperthyroidism are in a high cardiac output state without 
heart failure symptoms.[13] However, reduced LV contractile 
reserve may impair the ability to increase the cardiac output 

Echocardiogram and further contrast echocardiography 
revealed severely reduced global LV function with an 
estimated ejection fraction (EF) of 25–30%, mild tricuspid 
regurgitation; the right ventricular was normal with 
estimated systolic pressure of 49  mmHg indicating mild 
pulmonary hypertension. In addition, hypertrabeculation 
in the inferolateral walls suggesting noncompacted heart 
muscles was also seen [Figure 1a and b].

Cardiac magnetic resonance imaging was also done 
and revealed enlargement of the four heart chambers, 
severe biventricular dysfunction with an EF of 30%, and 
increased noncompacted myocardium (NC) to compacted 
myocardium  (C) ratio at the distal lateral wall and apex 
which confirmed diagnosis of LVNC with a ratio of 3.5, with 
no evidence of delayed myocardial enhancement to suggest 
myocarditis [Figure 2a and b].

The patient was medically treated for systolic heart failure 
with diuretic, beta‑blockers, angiotensin‑converting enzyme 
inhibitors, and spironolactone. She also received family 
and genetic counseling. During her stay, she had runs of 
nonsustained ventricular tachycardia  (VT) with a high 
premature ventricular contraction burden  (>24%). The 
plan was to treat the thyroid disease and medically optimize 
the patient for 3 months and then reevaluate the patient 
clinically. The patient was discharged home with a wearable 
cardioverter defibrillator, and she was also scheduled for 
follow‑up to check thyroid function and echocardiogram 
to reassess the EF. After 3  months, her thyroid function 
was within normal limits and a follow‑up echocardiogram 
revealed that the EF has improved to 40–45%, with the same 
hypertrabeculation in the inferolateral walls.

DISCUSSION

LVNC is a rare cardiomyopathy that is classified as a genetic 
cardiomyopathy by the American Heart Association.[1] It 
has an estimated prevalence of 0.014–0.7% among patients 
undergoing echocardiography and 3–4% among heart 
failure patients,[2,3] with higher incidence noted in the 

Figure 1: (a) Parasternal short axis view echocardiography showing 
noncompacted myocardium. (b) Contrast echocardiography demonstration 
hypertrabeculation

ba
Figure 2: (a) Long axis cardiac magnetic resonance imaging showing 
hypertrabeculation. (b) Short axis view cardiac magnetic resonance imaging 
showing, noncompacted and compacted myocardial layers
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to match the increase of peripheral demand. In our case, 
we think that Graves’ disease‑induced hyperthyroidism 
led to a remarkable increase in preload and heart rate 
resulting in precipitation of heart failure.[13] To the best of our 
knowledge, this is the first reported case of LVNC diagnosed 
following exacerbation in contractile dysfunction triggered 
by Graves’ disease.

Clinical features
LVNC shows a male predominance with median age of 
presentation ranging from 4th  to 5th  decades. Familial 
occurrence rates of 18–50% have been reported in 
different case series.[2‑5,14] Heart failure remains the most 
common initial presentation;[5] arrhythmias including atrial 
fibrillation  (AF),[2,3,5] VT, and Wolff–Parkinson–White 
syndrome are also common.[5,14] Ventricular thrombi have 
been reported in 9–25% of patients with LVNC with a high 
incidence of systemic embolism (21–38%).[2,3] A systematic 
review included five studies with a total of 241 adults with 
LVNC with a mean of 39 months follow‑up and showed 
an annual cardiovascular death rate of 4%; the overall 
mortality rate was 14% during 39 months; nearly half of 
deaths were from sudden cardiac arrest.[15] Another case 
series have also shown better prognosis in VT individuals 
who are asymptomatic at diagnosis.[16] Prognostic scoring 
systems are not available considering the rarity of disease. 
However, in a German registry, the presence of AF, reduced 
LV function, and LV dilatation and the presence of mitral 
regurgitation had a significant impact on the prognosis 
of the enrolled patients.[17] End‑systolic noncompacted to 
compacted ratio of >2 was associated with worse clinical 
outcomes in another study.[18]

Diagnosis
Two‑dimensional echocardiography is the most frequently 
used imaging modality, with various criteria proposed by 
different authors.[2,5] The criteria proposed by Jenni et al.[19] 
are the most commonly used in clinical practice and include 
noncompacted to compacted myocardium ratio of >2:1 at 
end‑systole in the parasternal short‑axis view, absence of 
other cardiac abnormalities, and color Doppler flow within 
intertrabecular spaces. However, there are no gold standard 
criteria for diagnosis of LVNC. Contrast echocardiography 
can aid in diagnosis, especially in patients with poor acoustic 
windows by better definition of endocardial borders and 
identification of mural thrombi.[20,21]

Cardiovascular magnetic resonance (CMR) imaging can help 
in diagnosis of LVNC by better visualization of “two‑layered” 
myocardium with a ratio of noncompacted to compacted 
myocardium >2.3 in diastole (sensitivity 86%, specificity 99%)[22] 
and by ruling out other related cardiomyopathies such as 

dilated cardiomyopathy, hypertensive heart disease, apical 
hypertrophic cardiomyopathy, infiltrative cardiomyopathy, 
and eosinophilic endomyocardial disease. Jacquier et al.[23] 
used LV trabecular mass of >20% as a cutoff for diagnosis 
of LVNC and reported sensitivity of 93.7% based on the 
above‑mentioned Jenni criteria.

Management
There are no specific guidelines for management of LVNC. 
Management consists largely of guideline‑directed medical 
therapy for heart failure. Indication for oral anticoagulation 
in LVNC includes AF and documented LV thrombus. 
However, the use of anticoagulation in patients with LVNC 
and low or preserved EF without evidence of AF or LV 
thrombus remains controversial as no strong evidence 
exists for or against it. There is lack of data on use of 
implantable cardioverter defibrillator  (ICD) for LVNC. 
A small case series reported 42% appropriate ICD therapy 
in patients who had ICD and a high rate of supraventricular 
tachyarrhythmia  (66%).[24] Another small study showed 
that ICD with biventricular pacing resulted in improved 
the New York Heart Association functional class in LVNC 
patients with severely reduced LVEF and evidence of 
dyssynchrony.[25] This study also showed appropriate device 
therapy in 38% of patients with normal EF, thus indicating 
that device therapy may be independent of EF.

CONCLUSION

LVNC is a rare cardiomyopathy that can rarely be 
asymptomatic and manifest later in life following other 
unrelated conditions that lead to exacerbation in contractile 
dysfunction such as Graves’ disease. Echocardiography is 
the standard tool for diagnosis, and CMR is very useful to 
confirm or rule out this disease.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

REFERENCES

1. Maron BJ, Towbin JA, Thiene G, Antzelevitch C, Corrado D, Arnett D, et al. 
Contemporary definitions and classification of the cardiomyopathies: 
An American Heart Association Scientific Statement from the Council 
on Clinical Cardiology, Heart Failure and Transplantation Committee; 
Quality of Care and Outcomes Research and Functional Genomics and 
Translational Biology Interdisciplinary Working Groups; and Council 
on Epidemiology and Prevention. Circulation 2006;113:1807‑16.

2. Ritter M, Oechslin E, Sütsch G, Attenhofer C, Schneider J, Jenni R. 
Isolated noncompaction of the myocardium in adults. Mayo Clin Proc 
1997;72:26‑31.



Habib, et al.: LVNC diagnosed following Graves’ disease

116 Avicenna Journal of Medicine / Oct‑Dec 2016 / Vol 6 | Issue 4

3. Oechslin EN, Attenhofer Jost CH, Rojas JR, Kaufmann PA, Jenni R. 
Long‑term follow‑up of 34 adults with isolated left ventricular 
noncompaction: A distinct cardiomyopathy with poor prognosis. J Am 
Coll Cardiol 2000;36:493‑500.

4. Gati S, Chandra N, Bennett RL, Reed M, Kervio G, Panoulas VF, et al. 
Increased left ventricular trabeculation in highly trained athletes: Do 
we need more stringent criteria for the diagnosis of left ventricular 
non‑compaction in athletes? Heart 2013;99:401‑8.

5. Stöllberger C, Finsterer J, Blazek G. Left ventricular hypertrabeculation/
non compaction and association with additional cardiac abnormalities 
and neuromuscular disorders. Am J Cardiol 2002;90:899.

6. Sedmera D, Pexieder T, Vuillemin M, Thompson RP, Anderson RH. 
Developmental patterning of the myocardium. Anat Rec 
2000;258:319‑37.

7. Toyono M, Kondo C, Nakajima Y, Nakazawa M, Momma K, Kusakabe K. 
Effects of carvedilol on left ventricular function, mass, and 
scintigraphic findings in isolated left ventricular non‑compaction. 
Heart 2001;86:E4.

8. Markovic NS, Dimkovic N, Damjanovic T, Loncar G, Dimkovic S. Isolated 
ventricular non‑compaction in patients with chronic renal failure. Clin 
Nephrol 2008;70:72‑6.

9. Gati S, Papadakis M, Van Niekerk N, Reed M, Yeghen T, Sharma S. 
Increased left ventricular trabeculation in individuals with sickle cell 
anaemia: Physiology or pathology? Int J Cardiol 2013;168:1658‑60.

10. Stähli BE, Gebhard C, Biaggi P, Klaassen S, Valsangiacomo Buechel E, 
Attenhofer Jost CH, et al. Left ventricular non‑compaction: Prevalence 
in congenital heart disease. Int J Cardiol 2013;167:2477‑81.

11. Gassmann M, Casagranda F, Orioli D, Simon H, Lai C, Klein R, et al. 
Aberrant neural and cardiac development in mice lacking the ErbB4 
neuregulin receptor. Nature 1995;378:390‑4.

12. Sahin G, Birdane A, Soydan M, Unalir A. Left ventricular noncompaction 
with hypothyroidism and sensorineural hearing loss. Anadolu Kardiyol 
Derg 2005;5:138‑9.

13. Fazio S, Palmieri EA, Lombardi G, Biondi B. Effects of thyroid hormone 
on the cardiovascular system. Recent Prog Horm Res 2004;59:31‑50.

14. Ichida F, Hamamichi Y, Miyawaki T, Ono Y, Kamiya T, Akagi T, et al. Clinical 
features of isolated noncompaction of the ventricular myocardium: 
Long‑term clinical course, hemodynamic properties, and genetic 

background. J Am Coll Cardiol 1999;34:233‑40.
15. Chin TK, Perloff JK, Williams RG, Jue K, Mohrmann R. Isolated 

noncompaction of left ventricular myocardium. A study of eight cases. 
Circulation 1990;82:507‑13.

16. Murphy RT, Thaman R, Blanes JG, Ward D, Sevdalis E, Papra E, et al. 
Natural history and familial characteristics of isolated left ventricular 
non‑compaction. Eur Heart J 2005;26:187‑92.

17. Engberding R, Stoellberger C, Fehske W, Gietzelt M, Haux R, Gerecke BJ. 
Predictors of adverse cardiac events in noncompaction cardiomyopathy: 
Data from the german noncompaction registrY (ALKK). J Am Coll Cardiol 
2014;63(12_S): A1274. doi:10.1016/S0735‑1097(14)61274‑2.

18. Stacey RB, Andersen MM, St Clair M, Hundley WG, Thohan V. Comparison 
of systolic and diastolic criteria for isolated LV noncompaction in CMR. 
JACC Cardiovasc Imaging 2013;6:931‑40.

19. Jenni R, Oechslin E, Schneider J, Attenhofer Jost C, Kaufmann PA. 
Echocardiographic and pathoanatomical characteristics of isolated left 
ventricular non‑compaction: A step towards classification as a distinct 
cardiomyopathy. Heart 2001;86:666‑71.

20. Andresen H, Kaag N, Potratz J. Non‑compaction of ventricular 
myocardium and contrast‑enhanced echocardiography. Z Kardiol 
2005;94:483‑5.

21. Chow CM, Lim KD, Wu L, Leong‑Poi H. Images in cardiovascular 
medicine. Isolated left ventricular noncompaction enhanced by 
echocontrast agent. Circulation 2007;116:e90‑1.

22. Fazio G, Novo G, D’Angelo L, Visconti C, Sutera L, Grassedonio E, et al. 
Magnetic resonance in isolated non‑compaction of the ventricular 
myocardium. Int J Cardiol 2010 30;140:367‑9.

23. Jacquier A, Thuny F, Jop B, Giorgi R, Cohen F, Gaubert JY, et al. 
Measurement of trabeculated left ventricular mass using cardiac 
magnetic resonance imaging in the diagnosis of left ventricular 
non‑compaction. Eur Heart J 2010;31:1098‑104.

24. Kobza R, Jenni R, Erne P, Oechslin E, Duru F. Implantable 
cardioverter‑defibrillators in patients with left ventricular 
noncompaction. Pacing Clin Electrophysiol 2008;31:461‑7.

25. Kobza R, Steffel J, Erne P, Schoenenberger AW, Hürlimann D, 
Lüscher TF,  et al. Implantable cardioverter‑defibrillator and 
cardiac resynchronization therapy in patients with left ventricular 
noncompaction. Heart Rhythm 2010;7:1545‑9.


